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For
Biomass Energy Sys terns, I nc . EcoImpact, Inc., an ecol ogical consul t i n g firm headquartered i n Gainesville, Florida, was r e t a i n e d by Biomass Energy Systems, Inc. (BESI) t o conduct f i e l d studies p e r t a i n i n g t o the ecological aspects o f growing eucalypt biomass p l a n t a t i o n s i n Florida. A compilation o f r e l e v a n t i n f o rmation drawn from a review o f p e r t i n e n t 1 i t e r a t u r e supplements the f i e l d research findings. Ecological opinions on c e r t a i n aspects o f the eucalypt/ F l o r i d a natural system i n t e r a c t i o n are included.
The f i e l d studies were conducted A p r i l [1] [2] [3] 1981 , by Kevin Atkins, a consulting e c o l o g i s t w i t h nine years o f professional experience i n assessing c u l t u r a l , a g r i c u l t u r a l and s i 1 v i c u l t u r a l impacts on F l o r i d a I s ecosystems. BESI personnel involved i n the f i e l d i n v e s t i g a t i o n s included Messrs, Mark Moorman, Mark Scheller and Thomas Levin. The various study s i t e s were located i n Polk, Hillsborough, Manatee and Glades Counties (Figure 1 ). I n t h i s report, i n f o rmation supplemental t o the f i e l d study assessments i s included i n Appendix I, a t a b u l a t i o n o f p l a n t species encountered i n the various associations v i s i t e d , and Appendix 11, a comprehensive faunal l i s t .
Eucalypts are trees n a t i v e t o Austral i a and Tasmania. They are broadleaved evergreen t r e e s i n the m y r t l e f a m i l y (My/utaceae). The f i r s t species o f the genus Euc&yp;tua was discovered by the French botani s t 1 'Heri t e r i n Tasmania i n 1788. Several hundred species have since been described. I n 1910, the U. S. Forest Service surveyed F l o r i d a f o r eucalypt occurrence and i d e n t i f i e d 16 species growing w i t h varying degrees o f success a t 27 d i f f e r e n t l o c a t i o n s i n F l o r i d a (Zon and Briscoe, 1911) . Commercial species o f eucalypts are said t o do best i n a climate which permits a d i s t i n c t p e r i o d o f vegetative r e s t during the year, and where freezi n g periods are n o t long-sustained and occur during the dormant season. The decisive f a c t o r i s the absolute minimum temperature o f a region. The various species are adaptable t o extremes i n r a i n f a l l from regions w i t h average annual p r e c i p i t a t i o n o f l e s s than 18 inches t o those which average over 70 inches (Zon and Briscoe, 1911 ). The c l imate i n t h e i r n a t i v e land has higher maximum and minimum temperat~~res, b u t the t o t a l annual r a i n f a l l i n F l o r i d a i s much greater .
Scale: 1" = 18 mi. Review o f P e r t i n e n t L i t e r a t u r e
Eucalypt Background
The e a r l i e s t p l a n t a t i o n o f e u c a l y p t s i n F l o r i d a , as f a r as can be determined a u t h e n t i c a l l y , was e s t a b l i s h e d i n 1878, when Reverend A. H. White p l a n t e d some s i x o r e i g h t species a t Georgiana on M e r r i t t I s l a n d i n Brevard County. By 1911, o n l y one t r e e remained ( t h o u g h t t o be E. g u n i c d y x ) which grew t o over two f e e t i n diameter w h i l e r e s i s t i n g severe g a l e s and t h e f r e e z e of 1894-95. U n t i l 1893, E. t o b w l t a had made t h e b e s t growth ( o v e r 70 f e e t ) , b u t i t was blown down i n a heavy windstrom (Zon and B r i s c o e , 1911).
The k i l l i n g w i n t e r f r e e z e of 1894-95 discouraged many c i t r u s growers, and a search f o r o t h e r crops ensued. Many o f t h e e a r l i e s t homestead and c r o p p l a n t i n g s o f e u c a l y p t s were i n i t i a t e d a t t h i s time. Most o f these e u c a l y p t s were p l a n t e d f o r ornamental and shade purposes, a l t h o u g h some were p l a n t e d as windbreaks f o r c i t r u s groves. Only around 1910 d i d some commercial p l a n t i n g a c t u a l l y begin i n F l o r i d a (Zon and Briscoe, 1911) .
One o f t h e more commonly p l a n t e d e u c a l y p t s i n southern F l o r i d a has been E . t o b u l t a , which was f i r s t p l a n t e d b e f o r e t h e t u r n of t h e c e n t u r y . I t was p l a n t e d p r i m a r i l y by homesteaders wanting t o q u i c k l y e s t a b l i s h shade around t h e i r homesites. Some small stands have v o l u n t e e r e d from these e a r l y i n t r oductions, but, i n general, n a t u r a l r e p r o d u c t i o n o f t h i s species has been ext r e m e l y 1 i m i t e d (Frank1 i n and Meskimen, 1973) . Even a f t e r 70+ years, n a t u r a li z a t i o n has been occasional, v e r y l o c a l i z e d , and t y p i c a l l y r e s t r i c t e d t o South F l o r i d a . " b l i l d l i n g s " have n o t been encountered away froni t h e immediate area o f " p a r e n t " t r e e s , and o n l y c e r t a i n species and h y b r i d s seem t o have a p r o p e n s i t y t o reproduce (see Eucalypt N a t u r a l i z a t i o n s e c t i o n ) .
The e u c a l y p t f o r e s t s o f A u s t r a l i a and Tasmania support a r i c h and v a r i e d
fauna o f mammals and b i r d s and t o g e t h e r form t h e s i n g l e most i m p o r t a n t refuge f o r w i l d l i f e i n t h e r e g i o n . A g r e a t e r number o f mammal species a r e found i n these f o r e s t s than i n any o t h e r broad category o f A u s t r a l i a n h a b i t a t . Wildl i f e s t u d i e s i n such h a b i t a t have i d e n t i f i e d 57 species o f indigenous mammals (Tyndale-Biscoe and Calaby, 1975) . Between t e n and twenty o f t h e species are w h o l l y dependent on these f o r e s t s f o r t h e i r s u r v i v a l and have evolved a d a p t a t i o n s t o s u i t a s t a b l e environment. The r e s t a r e l e s s dependent and use t h e f o r e s t s m a i n l y as s h e l t e r . O f t h e nondependent species, a few are c a r n i v o r o u s and the remainder s u b s i s t c h i e f l y on grasses. Wholly dependent species use t h e f o r e s t t r e e s themselves o r some shrub component i n t h e unders t o r y t o p r o v i d e t h e e s s e n t i a l r e q u i s i t e s o f s h e l t e r o r food.
The Candidate Species F o r reasons s p e c i f i e d i n t h i s and companion w o r k i n g documents, Biomass
Energy Systems, I n c . has s e l e c t e d t h e r i v e r r e d gum (EucdqpRLL?I cumddueem.in1
as t h e most a p p r o p r i a t e e u c a l y p t species f o r c l o n a l p r o p a g a t i o n and biomass p l a n t i n g s i n C e n t r a l and South F l o r i d a . Eucdypt~~4 c u m d d u e e m h i s t h e most widespread member of i t s genus i n A u s t r a l i a , where i t i s p r i m a r i l y a r i p a r i a n s p e c i e s ( H i l l i s , 1966) . T h i s t r e e i s w i d e l y p l a n t e d o u t s i d e i t s n a t i v e Aust r a l i a n h a b i t a t and i s one of t h e moSt Smportanr timber t r e e s I n t h e Merl.1 t e rranean r e g i o n and e l sewhere (Karschon and Heth, 1967) . Owing t o i t s s u i t a b i li t y t o d r y areas w i t h a l o n g p e r i o d o f d r o u g h t i t o f t e n i s used i n areas where summer r a i n f a l l i s c l o s e t o n i l and w i n t e r r a i n f a l l o c c u r s i n r e l a t i v e l y l o w amounts, a l t h o u g h i t a l s o adapts w e l l t o r a i n y c l i m a t e s . T h i s species seems t o p r e f e r s i t e s where s o i l m o i s t u r e i s d e r i v e d f r o m i n c i d e n t r a i n f a l l and where t h e w a t e r t a b l e i s beyond t h e r e a c h o f t h e t r e e r o o t s . There i s no evidence of -, an adverse h y d r o l o g i c a l e f f e c t caused by E. c a d M e m . i n p l a n t a t i o n s (Karschon and Heth, 1967) .
Biomass P l a n t a t i o n C o n s i d e r a t i o n s The U n i t e d S t a t e s and Canada have t h e h i g h e s t p e r c a p i t a energy consumpt!on of t h e w o r l d , w i t h about 2,700 g a l l o n s o f p e t r o l e u m e q u i v a l e n t s consumed p e r person p e r y e a r (EOP, 1977; CYB, 1977) . W i t h f o s s i l energy s u p p l i e s b e i n g r a p i d l y d e p l e t e d and t h e c o n t i n u e d heavy use o f energy by N o r t h Americans, an u r g e n t need e x i s t s f o r t h e development o f new energy sources. Wood and o t h e r f o r e s t p r o d u c t s have been suggested as one t e c h n o l o g y t h a t has t h e potent i a l o t p r o v i d i n g an abundant source o f f u e l ( A l l c h e t a1 . , 1976; Inslarl, 1977;  H o w l e t t and Gamache, 1977;. Pecoraro e t a'l . , 1997). loday, wood suppl 'les a mere one p e r c e n t of U.S. and f o u r p e r c e n t of Canadian energy needs (USBC, 1977; CYB, 1977) .
A foremost c o n s i d e r a t i o n i n u n d e r t a k i n g 1 a r g e -s c a l e p r o d u c t i o n o f f u e l wodd i s t h e s t a t u s o f a v a i l a b l e l a n d . Prime a g r i c u l t u r a l l a n d i n N o r t h America i s a t a premium and must be p r e s e r v e d f o r f o o d f i b e r c r o p s . Furthermore, much o f t h e more t h a n one b i l l i o n h e c t a r e s p r e s e n t l y i n p a s t u r e and rangeland a r e necessary f o r l i v e s t o c k p r o d u c t i o n . Some p r e s e n t l y unused l a n d i s e i t h e r t o o steep, t o o rocky, o r t o o p o o r l y d r a i n e d t o be s u i t e d f o r fuel-wood farming.
Given these f a c t s , reclaimed s u r f a c e mining lands i n C e n t r a l F l o r i d a seem i d e a l l y s u i t e d f o r biomass p l a n t a t i o n s .
Erosion r a t e s on fuel-wood farms w i l l be l e s s than those i n normal f o re s t r y o p e r a t i o n s because t h e t r e e species u t i l i z e d on biomass p l a n t a t i o n s would be p l a n t e d r e l a t i v e l y c l o s e t o one another and would be allowed t o r egrow by s p r o u t i n g from t h e stumps. T h i s type o f growth would p r o v i d e p r o t e ct i o n from water r u n o f f and t h e e x t e n s i v e r o o t systems would h e l p s t a b l i z e t h e s o i l . Supplemental e r o s i o n c o n t r o l would r e s u l t i f t h e leaves were n o t harvested and l e f t a t t h e s i t e t o p r o v i d e b a r r i e r s t o t h e r a i n f a l l . I n a d d i t i o n , t h e o r g a n i c m a t t e r from r o o t and l e a f p r o d u c t i o n would c o n t r i b u t e t o s o i l qua1 i t y and s t r u c t u r e (Pimentel e t a l . , 1979). E x p l o i t i v e t i m b e r i n g , suppression o f summer f i r e s , and c u l t i v a t i o n have brought about g r e a t f l o r i s t i c changes i n t h e southeastern f o r e s t ( H a r r i s , 1980). ,? -A, About 60 percent o f t h e southeastern l a n d area remains f o r e s t e d today, 90 p e rt.
' c e n t o f which i s considered commercial (USDA, 1978) . O f t h e 80 m i l l i o n hectares o f f o r e s t l a n d i n t h e Southeast ( V i r g i n i a , N o r t h C a r o l i n a , Tennessee, Arkansas, Oklahoma, Texas, Louisiana, M i s s i s s i p p i , Alabama, Georgia, South C a r o l i n a , F l o r i d a ) , s l i g h t l y more than 70 p e r c e n t i s p r i v a t e l y owned. O f t h i s p r i v a t e l y owned land, approximately 50 percent i s softwood. and 50 p e r c e n t hardwood (USDA, , . -1978) . About 280,000 hectares o f p i n e a r e p l a n t e d a n n u a l l y , b r i n g i n g t h e t o t a l area o f p i n e p l a n t a t i o n s t o approximately 8 m i l l i o n hectares. F l o r i d a ' s f o re s t acreage has been reduced by an average o f n e a r l y 50,000 hectares p e r y e a r f o r t h e l a s t 25 years (USDA, 1978) .
Forests s t i l l c o n s t i t u t e t h e major w i l d l i f e h a b i t a t i n t h e Southeast.
F o r e s t r y i s s u p e r i o r t o a l t e r n a t i v e , c o m p e t i t i v e l a n d uses, such as a g r i c u lt u r e , pasture, and u r b a n i z a t i o n . The implementation o f f a v o r a b l e s i l v i c u l t u r a l p r a c t i c e s seems t h e s i n g l e b e s t avenue f o r f u t u r e w i l d l i f e c o n s e r v a t i o n i n t h e Southeast ( H a r r i s , 1980). A r e c e n t study has shown t h a t breeding b i r d densit i e s a r e much h i g h e r a l o n g sharp edges c r e a t e d by c l e a r c u t t i n g than along ecotones i n s i m i l a r , b u t imperturbed h a b i t a t (McElveen, 1978) . D i f f e r e n t types o f edge p r o v i d e d i f f e r e n t food and h a b i t a t requirements. Edges where t h r e e o r more community types abut are b e l i e v e d t o be s u p e r i o r t o those where o n l y two communities abut. The number o f breeding b i r d species i n h a b i t i n g patches o f f o r e s t h a b i t a t i s doubled by every seven-fol d i n c r e a s e i n acreage ( H a r r i s , 1980). I n a s t u d y o f w i l d l i f e u t i l i z a t i o n o f cottonwood p l a n t a t i o n s i n t h e southe a s t , Wesley e t a1. (1981) r e v e a l p e r t i n e n t f i n d i n g s concerning animal use and management i m p l i c a t i o n s . W i l d l i f e importance values f o r a l l w i l d l i f e f o o d p l a n t s i n t h e p l a n t a t i o n s s t u d i e d peaked i n t h e f o u r t h , f i f t h , o r s i x t h growing season. O f 127 p l a n t species o r groups i d e n t i f i e d i n t h e study, 50 p e r c e n t showed evidence o f browsing by deer and 27 p e r c e n t by r a b b i t s . Unders t o r y v e g e t a t i o n o f cottonwood p l a n t a t i o n s was s i m i l a r t o v e g e t a t i o n i n f o r e s t c l e a r i n g s . S u b s t a n t i a l w i l d l i f e p r o d u c t i o n i s p o s s i b l e where t i m b e r management i s t h e p r i m a r y o b j e c t i v e . Cottonwood p l a n t a t i o n s may b e n e f i t w i l d l i f e p o p u l a t i o n s by i n c r e a s i n g t o t a l f o r e s t community d i v e r s i t y . P l a n t a t i o n s p r o v i d e cover, n e s t s i t e s , and b r o o d -r e a r i n g h a b i t a t . The edge o f p l a n t a t i o n s should be maximized t o improve t h e q u a 1 i t y . o f h a b i t a t f o r c e r t a i n species, p a r t i c u l a r l y w i l d t u r k e y and deer. The m a j o r disadvantage o f t h e p l a n t a t i o n s t o w i l d l i f e may be t h e p a u c i t y o f h a r d mast. The p r i m a r y f a c t o r s which determine t h e u l t i m a t e q u a l i t y o f cottonwood p l a n t a t i o n s as w i l d l i f e h a b i t a t a r e shape and p l a n t a t i o n s i z e r e l a t i v e t o t h e t o t a l f o r e s t community. To improve w i l d l i f e h a b i t a t , managers s h o u l d e s t a b l i s h i r r e g u l a r l y shaped p l a n t a t i o n s , use spacings and t h i n n i n g regimes which encourage u n d e r s t o r y growth, and i n t e r m e s h p l a n t at i o n s w i t h o t h e r l a n d uses and h a b i t a t t y p e s (Wesley e t a l , , 1981). E f f e c t s o f S i t e P r e p a r a t i o n E u c a l y p t s a r e e s p e c i a l l y s e n s i t i v e t o competing v e g e t a t i o n , and p l a n t at i o n s a r e t h r e a t e n e d w i t h s t a g n a t i o n u n l e s s t h e n a t i v e v e g e t a t i o n i s e f f e ct i v e l y c o n t r o l l e d f o r a t l e a s t a y e a r a f t e r p l a n t i n g (Meskimen, 1971) . The e f f e c t s o f e u c a l y p t s i t e p r e p a r a t i o n on d r y p r a i r i e v e g e t a t i o n i n South F l o r i d a was s t u d i e d by Moore and Swindel (1981) . They found t h a t a l l s i t e -p r e p a r e d and f e r t i l i z e d p l o t s except those on t h e beds had s i g n i f i c a n t l y ~r~or-e herbage t h a n c o n t r o l s . Herbage p r o d u c t i o n between rows averaged 1,455 I b s / a c a f t e r one y e a r . P r o d u c t i o n w i t h i n bedded rows averaged o n l y 114 l b s / a c a f t e r one y e a r . C o n t r o l p l o t s c o n t a i n e d 755 I b s / a c . The same t r e n d s c o n t i n u e d i n t o t h e second y e a r , w i t h a l l p l o t s y i e l d i n g an i n c r e a s e . P l a n t species c o m p o s i t i o n was a l t e r e d by s i t e p r e p a r a t i o n and f e r t i l i z at i o n , w i t h w i r e g r a s s (Ahinfida! and b l uestems ( A~z~i r p o g o n ) s i g n i f i c a n t l y r educed. S t a n d i n g biomass o f a number o f species i n c r e a s e d w i t h mechanical s i t e p r e p a r a t i o n and f e r t i l i z a t i o n . Panicun~ grasses were most abundant, and l i t t l e I ) l u e maidencane and barestem paspalum were i n c r e a s e r s d u r i n g t h e second growing season. G e n e r a l l y , grasses i n c r e a s e d s i g n i f i c a n t l y , g r a s s -l i k e s (sedges and r u s h e s ) i n c r e a s e d t o some e x t e n t , and 1 ) E u c a l y p t s t a n d s i t e p r e p a r a t i o n and f e r t i l i z a t i o n on South F l o r i d a d r y p r a i r i e s i g n i f i c a n t l y i n c r e a s e d herbage species i m p o r t a n t as food f o r bobwhites and c a t t l e , p a r t i c u l a r l y t h e f i r s t y e a r a f t e r t r e a t m e n t .
2 ) Grasses accounted f o r o v e r 95 o f s t a n d i n g biomass on c o n t r o l p l o t s , and about 80 p e r c e n t on t r e a t e d p l o t s .
3 ) The t r e a t m e n t s c o n v e r t e d a w i r e g r a s s community t o one dominated by PavLicwnn.
4 ) I n t e n s i v e s i t e p r e p a r a t i o n , i n c l u d i n g bedding , appears s u c c e s s f u l i n r e d u c i n g c o m p e t i t i o n t o newly p l a n t e d e u c a l y p t s , and does n o t appear t o be d e t r i m e n t a l t o c a t t l e f o r a g e and bobwhite f o o d values.
5 ) A d e c l i n e i n bobwhite and c a t t l e forage i s expected w i t h i n c r e a s i n g p l a n t a t i o n age.
L e a c h a t e and A1 l e l o p a t h y Leaching concerns t h e removal o f w a t e r s o l u b l e compounds f r o m l e a v e s due t o t h e a c t i o n o f an aqueous s o l u t i o n . Presumably b e t t e r g r o w t h under c e r t a i n t r e e s i s due t o n u t r i e n t s leached down from t h e overhead canopy. The substances t h a t a r e leached o u t f r o m t h e p l a n t s i n c l u d e b o t h i n o r g a n i c and o r g a n i c compounds (F'lot-gan, 19G3; Tukey and Morgan, 1964; Tukey, 1966) . Large amounts o f o r g a n i c substances such as f r e e sugars, p e c t i c substances and sugar a l c o h o l s a r e o f t e n p r e s e n t i n t h e l e a c h a t e s (Saxena and Singh, 1978) . P r a c t i c a l l y a l l p l a n t amino a c i d s , many o f t h e o r g a n i c a c i d s , v i t a m i n s , a l k a l o i d s and p h e n o l i c substances (Bode, 1958 ; d e l Moral and M u l l e r , 1969) have been d e t e c t e d i n 1 eachates. s e v e r a l a u t h o r s have observed t h a t t h e g r o w t h o f herbaceous p l a n t s beneath t h e canopy o f beech (Fagun) and niaple (Ace?) t r e e s was b e t t e r as compared t o t h a t under p o p l a r (PapuRw ) and w i l l o w ( S c L e c x ) (Tukey , 1970) .
There a r e a l s o some a l l e l o p a t h i c ( p l a n t i n h i b i t o r y ) e f f e c t s o f t h e l e a c ha t e on t h e undergrowth species. C e r t a i n Eucdqp;tw p l a n t a t i o n s ( d e l Moral and
Mu1 l e r , 1970), oak woods (Yardeni and Evanari , 1952 ; d e l Moral and M i r l l c r ,
1969) and a number of coniferous f o r e s t s a r e found with fewer ground f l o r a elements in c o n t r a s t t o other f o r e s t s in s i m i l a r environments (Whittaker, 1965
). -Leachates of d i f f e r e n t species show d i f f e r e n t a l l e l o p a t h i c e f f e c t s on the growth of o t h e r plants (Saxena and Singh, 1978) . In nature, l e a f absorption i s t h e main mechanism through which leachates from the overhead canopy i n f l uence the growth of ground f l o r a . Allelopathic mechanisms i n some c:,calypt species involving terpenes adsorbed t o s o i l c o l l o i d s and phenolic acids leached from the leaf l i t t e r a r e known t o e x i s t . In EucdqpXub gLobuRub, fog d r i p acting alone appears t o be capable of producing i n h i b i t i o n of growth i n some herb species. Thus, the mechanism of leaching by rain o r fog d r i p may a f f c c t the diversity and impose a d i s t i n c t s t r u c t u r e upon a plant community by a l t e r i n g t h e d i s t r i b ut i o n of inorganic and organic chemicals within t h e system. Dominant populat i o n s may influence the ecosystem not only by purely physical o r competitive means, but a l s o by t h e action of i n h i b i t o r y organic materials leached from i n t a c t , l i v i n g plant organs. This phenomenon i s important t o the ecology of Florida scrub communities, f o r example.
Investigations by del Moral and Muller (1969) of several aspects of herb-E u c d y p &~? i n t e r a c t i o n s , demonstrated t h a t t h e r e were no edaphic reasons f o r exclusion of herbs from E u c d y p~ stands, t h a t l i g h t and n u t r i e n t s were adequate f o r herb growth ( n u t r i e n t l e v e l s were nearly always g r e a t e r within the stand than within adjacent grassland), and t h a t small animals did not inhabit o r v i s i t EucdypXun stands frequently enough t o influence the herb vegetation (del Moral and Muller, 1970) . Soil moisture was nearly always a s favorable within t h e stand a s i n grassland. On several occasions, p a r t i cu l a r l y a f t e r a fog, s o i l moisture was g r e a t e r within the stand than in the adjoining grassland.
A1 1 elopathy i s an ecological f a c t o r capable of influencing succession, dominance, vegetation dynamics, species d i v e r s i t y , community s t r u c t u r e , prod u c t i v i t y , and o t h e r processes and f a c t o r s . The production o r r e l e a s e of t o x i c chemicals by p l a n t s a n d t h e i r subsequent e f f e c t i v e action in the environment c o n s t i t u t e a process of obvious ecological significance (del Moral and Muller, 1970) . Allelopathic f a c t o r s a r e subject t o mitigation o r i n t e n s i f ication by other environmental f a c t o r s . The degree of impact of allelopathy depends markedly on a v a i l a b l e s o i l moisture, the edaphic s i t u a t i o n , and the
s o i l m i c r o f l o r a . Abundant s o i l m o i s t u r e m om pen sates p a r t i a l l y f o r t h e e f f e c t s of a l l e l o p a t h y , whereas s c a n t y s o i l m o i s t u r e enhances i t s e f f e c t s .
Loamy s o i l s adsorb s i g n i f i c a n t l y h i g h e r c o n c e n t r a t i o n s o f terpenes t h a n do sands and, thus, a r e rendered more i n h i b i t o r y ( d e l Moral and Mu1 l e r , 1970).
Loam c o n c e n t r a t e s t o x i n s much more e f f i c i e n t l y t h a n does sand. Under n a t u r a l c o n d i t i o n s , t h e d i f f e r e n c e s i n t o x i c i t y a r e f u r t h e r accentuated by l e s s p e r -
c o l a t i o n t h r o u g h loam t h a n t h r o u g h sand. The c a p a c i t y o f a s o i l t o r e t a r d
t h e f l o w o f p h e n o l i c compounds i s a s i g n i f i c a n t f a c t o r i n d e t e r m i n i n g whether o r n o t p l a n t s w i l l be i n h i b i t e d . Most p e n i n s u l a r F l o r i d a and mined l a n d s o i l s do n o t appear t o f a v o r a l l e l o p a t h i c e f f e c t i v e n e s s by E. camc&du€enish s i n c e u n d e r s t o r y and ground c o v e r v e g e t a t i o n o f t e n i s s u b s t a n t i a l (see Appendix I ) .
The p r o d u c t i o n , r e l e a s e , and s t a b i l i t y of t o x i n s f r o m E. carndduRemd a r e s u b j e c t t o seasonal v a r i a t i o n . On an annual b a s i s , t h e b u i l d i n g o f s o i l t o x i c i t y appears t o be balanced by t h e a c t i v i t y o f s o i l microorganisms. Appare n t l y t h e s e organisms a m e l i o r a t e t h e e f f e c t s o f a l l e l o p a t h y by d e n a t u r i n g , o v e r a p e r i o d o f time, t h e compounds produced.

Some E x o t i c F l o r a C o n s i d e r a t i o n s
The number o f p l a n t s o f a l l groups t h a t have been b r o u g h t i n t o t h e U.S.
i n t h e p a s t few decades i s s a i d t o exceed 200,000 named s p e c i e s and v a r i e t i e s f r o m a l l o v e r t h e w o r l d (Bates, 1964) . About 1,800 e x o t i c p l a n t species have escaped i n t h e U.S., and a l a r g e p o r t i o n have become n a t u r a l i z e d ( R i p l e y , 1975), o r about t e n p e r c e n t o f c o n t i n e n t a l U.S. f l o r a . However, compara-
t i v e l y few e x o t i c s i n t r o d u c e d i n t o F l o r i d a have become e s t a b l i s h e d , and even fewer a r e c a u s i n g v e g e t a t i o n problems ( A u s t i n , 1978). According t o Long (1974),
about 16 p e r c e n t of Dade, Broward, and C o l l i e r C o u n t i e s ' f l o r a i s e x o t i c , w i t h about 170 species n a t u r a l i z e d i n Southeast F l o r i d a . V i r t u a l l y a l l o f t h e s e p l a n t s a r e i n t o l e r a n t o f f r e e z i n g temperatures. S t a b i l i t y i n an ecosystem u s u a l l y i s p r o p o r t i o n a l t o i t s d i v e r s i t y , t h e r e f o r e , e x o t i c p l a n t c o m p o s i t i o n t h a t d i s p l a c e s n a t i v e f l o r a t y p i c a l l y i s an adverse i n f l u e n c e on n a t i v e species c o m p o s i t i o n . However, p l a n t a t i o n s o f c l o n a l l y produced E. cnmddLL(lev~4bs on C e n t r a l F l o r i d a ' s r e c l a i m e d mined l a n d s and poor q u a l i t y r a n g e l a n d w i l l n o t r e s u l t i n displacement o f e c o l o g i c a l l y v a l u a b l e systems, and w i l l produce woody biomass w i t h a v a r i e t y o f b e n e f i c i a l uses f o r man.
Three naturalized plants are responsible f o r most of the "noxious exotic" vegetation probl enis in South and Central Florida: punk t r e e (M&deuca qLLinquerzmviu), Austral ian pine or beefwood (CauatLina bpp. ) ; and Brazi 1 ian pepper ( S c k u z~ R m e b i r~t~u 4 0~) .
Dense colonies of these species, d i s t r i b --uted f a r and wide over a variety of habitat types, tend to exclude almost a l l native plant associates and niost formerly occurring animals. Field observations of biomass eucalypt stands have revealed comparatively l e s s natural system perturbation in t h i s regard (see following sections). Mazzotti e t a1 . (1981 ) conducted relevant studies on the e f f e c t s of the exotic plants Mddeuca and C~U U J U I M or'\ snial 1 manlnial popul a.l.iur~s i I) the Florida everglades . The fol 1 owing conclusions resulted from these studies:
1 ) All exotic habitats are not equal in terms of faunal support and food chain structure.
2 ) Each habitat must be evaluated separately t o r s u i t a b l l l t y for animal populations,
3 ) Low species richness of plants, per s e , does not determine rodent distribution and abundance.
4 ) Exotic plant communities can no longer be i n t u i t i v e l y classified a s hinlngical deserts since there are differences in t h e i r a b i l i t y to support native wild1 i f e . Plantation eucalypts must have f a s t growth and high production on s i t e s suitable f o r logging during alnlost any season. There i s no j u s t i f i c a t i o n for growing exotics which produce pulpwood a t rates equal to or lower than native species a t comparable costs. High-cost plantation hardwood must be available when other supplies are not. Typically, all-weather logging s i t e s are the higher dryer s i t e s of inherently moderate or low quality, i . e . , uplands and sandhills rather than f e r t i l e bottomlands. Moreover, nontarget species in plantdtions on the best s i t e s e i t h e r require prohibitively expensive competition control measures o r create an unmanageable plantation environment. So the successful eucalypt must do rrlore with l e s s than native species in plantations or managed natural stands (Franklin, 1978) .
Most eucalypt species and provenances introduced into the southeastern United States produce moderate t o large quantities of seed except E . cconddu-V.~IIALLS.~A, b u t reproduction under natural conditions has been limited t o areas of a few acres in central and southern Florida. The species most frequently found is E. ttubunia, but E. gtrandcr, and closely associated species, as well as hybrids, are also found. The ecological limitations that constrain natural reproduction are not known. The limited reproduction is consistently associated with abandoned shade and ornamental plantings rather than with modern plantation culture (Frank1 in, 1978) .
Comparative E u c a l y p t F i e l d Survey Mined Land Stands
The f o l l o w i n g i n f o r m a t i o n was gathered on A p r i l 1, 1981, w h i l e making a survey of e u c a l y p t s p l a n t e d on p r e v i o u s l y mined phosphate company l a n dh o l d i n g s i n Polk, H i l l sborough, and Manatee Counties. F i e l d s t u d i e s were performed on f o o t w i t h t h e goal o f g a t h e r i n g a maximum amount o f informat i o n on ecosystem dynamics w i t h o u t c o l l e c t i n g q u a n t i t a t i v e data.
A g r i c o Eucalypts. T h i s p l a n t a t i o n was e s t a b l i shed i n 1974 by p l a n t i n g EucdgpZu.6 curnn4.duRem.in on t h e south and E. t r n e t i c o~r d on t h e n o r t h ( F i g u r e 2, #'I j. Ihe s i t e i s on Agr'ico l a n d near Walker Rvdd a r~d Payr'le Cr-eek.
Rows on apparent overburden a r e 1 0 ' a p a r t , w i t h 6 ' -8 ' between stem c e n t e r s .
I n a p a t t e r n l a t e r found t o be t y p i c a l , t h e g r e a t e s t v e g e t a t i v e d i v e r s i t y of a s s o c i a t e d p l a n t s occurs w i t h i n about 100' from t h e stand p e r i p h e r y . On mined l a n d i n p a r t i c u l a r , Saltbush ( B a c c h d ) , a wind-dispersed composite abundant on unmanaged mined s o i l s , i s p r o b a b l y t h e most common woody unders t o r y species. S a t i n t a i l grass (an introduced, wind-dispersed, rhizomatous
p l a n t ) i s common i n topographic depressions. I s o l a t e d c o l o n i e s of t h i s grass p r o b a b l y occur around l o w spots because wind-blown seeds a r e accumulated by r a i n f a l l r u n o f f .
Ruderal o r " o l d -f i e l d " grasses and herbs tend t o predominate i n t h e ground cover l a y e r , along w i t h those species common t o mined l a n d r e c l a m a t i o n cover, such as b a h i a grass and h a i r y i n d i g o bush (see Appendix I, A s s o c i a t i o n I). Most o f t h e u n d e r s t o r y and ground cover p l a n t composition i s comprised of those p i o n e e r i n v a d e r s t h a t e v e n t u a l l y succeed t o a shrubby d i s c l i m a x a s s o c i a t i o n a f t e r m i n i n g . I n qeneral, most woody species occur i n the "edge zone," w i t h o n l y those t r e e s and shrubs d i s p e r s e d by wind o r animals (e.g., oaks and b l a c k c h e r r y ) encountered i n t h e i n t e r i o r .
Burrowing animals and those p r e f e r r i n g d e t r i t a l h a b i t a t appear t o be most common w i t h i n t h e stand, b u t none were found t o be abundant. No b i r d n e s t s were observed, and mammal s i g n was scarce. R e p t i l e s , p a r t i c u l a r l y t e r r e s t r i a l snakes and l i z a r d s , are l i k e l y t o be t h e p r i m a r y p r e d a t o r s i n a s h o r t -r o t a t i o n , e a r l y successional e u c a l y p t p l a n t d t i o n . Wild1 i f e u t i l i z a t i o n and t r o p h i c l e v e l development undoubtedly w i l l be p r o p o r t i o n a l t o contiguous stand area, amount of edge, d i v e r s i t y o f surrounding n a t u r a l systems, s o i l
Figure 2 . Central F l o r i d a Study S i t e s ( 4 )
Scale: 1" = 11 m i .
types, p r o x i m i t y t o aquatic and wetland h a b i t a t , understory development, and
whether o r n o t "islands" o f natural system h a b i t a t are incorporated.
A common c h a r a c t e r i s t i c o f the eucalypt stands v i s i t e d i s an unusual amount of understory l i g h t penetration, especially considering the high stocking capacity and evergreen nature o f the genus. This condition promotes understory development and, therefore, w i l d l i f e forage and cover.
Since p l a n t a t i o n management requires understory c o n t r o l a t p l a n t i n g and f o r the f i r s t 18 months o f establishment, t h i s aspect o f a stand may n o t be considered a n e t s i l v i c u l t u r a l benefit.
I n any event, w i t h the t a l l t r e e stems, s p e c l a l i t e d leaf o r i e n t a t i a n and r e l a t i v e l y m a l l canopies, p l a n t a t Young black c h e r r i e s appear t o be the only successful1y invading aboreal species a t t h i s time. Obvious animal sign i s r e s t r i c t e d t o armadillo digg i ngs.
F o r t Lonesome Eucalypts. The t h i r d major stand v i s i t e d was a p l a n t i n g j u s t The e n t i r e p l a n t a t i o n was swept by f i r e several weeks p r i o r t o inspection. The eucalypts remained unscathed, and the emerging ground cover i s reminiscent o f those species previously observed. The most notable v a r i a t i o n from the other s i t e s i s an abundance of p o s t -f i r e dog fennel and camphor weed.
This stand also was bedded and had the same p l a n t i n g design. Saltbush i s the most common shrub invader. One 15' t a l l water oak and a 5 ' slash pine were found near the periphery. The l a r g e s t t r e e i n t h i s stand i s about 15" dbh (diameter a t b r e s t height) and 60 -70 f e e t t a l l . I n t e r e s t i n g l y , several a c t i v e and i n a c t i v e gopher t o r t o i s e burrows occur, w i t h armadillos apparently occupying the i n a c t i v e s i t e s .
Duette Eucalypts. The l a s t mining area s i t e i s i n Manatee County j u s t n o r t h of Estech's Duette Mine and State Road 62, and between State Road 37 and State Road 39 (Figure 2, 94) . The stand i s located i n a pine/oak, unmined, natural system and has been bedded, b u t without the t y p i c a l f u l l c l e a r i n g o f the understory. Although woody p l a n t s were removed during s i t e preparation, the ground cover s t i l l includes a dense association o f saw palmetto, w i r e grass, pawpaws, go1 denrods , broomsedge, S t . John's wort, ground huckleberry, fleabane, h a t pins, and some young longleaf pines. After about f i v e years o f growth, t h i s stand i s the l e a s t vigorous o f those surveyed, b u t i s an i n t e r e s t i n g mix o f n a t i v e vegetation and eucalypts, i n c l u d i n g E. gmndis and E. tehe;ticathh.
A meaningful assessment o f w i l d l i f e u t i l i z a t i o n was n o t r e a d i l y achievable due t o the density o f the ground cover, which approaches I00 percent. Presumably, the adverse competition by n a t i v e vegetation has played a r o l e i n the lack of eucalypt stand vigor.
Unmined, South F l o r i d a Stands
Follow-up f i e l d studies o f eucalypt p l a n t i n g s on unmined, b u t s i t e - The bedding seems higher than f o r the mined land stands,.averaging a two foot difference between the top of the bed and the furrow bottom. A considerable slash/duff layer of leaves, bark s t r i p s (especially E. gtrarzdinl and branches f i l l s the furrows several inches deep with eucalypt d e t r i t u s . Probably in concert with other s i t e f a c t o r s , t h i s amount of f a i r l y "durable" d e t r i t u s , simply by i t s physical presence i f not allelopathy, seems t o i n h i b i t ground cover plant establishment. Assessing the stand as a whole, the northeastern quarter has u p to 50 percent ground and shrub cover, while the more typical condition approaches 20 percent. Nearby evidence indicates t h a t a f t e r cutting a n d during coppice establishment, ground cover plants apparently increase t o 80 -100 percent cover until shading and d e t r i t u s again become limiting factors.
A diameter of 13.8" was recorded on the largest stem encountered ( E . g t l a r~d i~) , and most trees were estimated to be 65' -80' t a l l . There are numerous 1 ' -8 ' t a l l E. tlobu..sta seedlings in the understory and within a 100' radius from the stand in both grassland and dense saw palmetto associations. Generally, "wildlings" seem t o be established within a range of 20' -50' from the parent tree. "Ferguson Pine" Stand. Immediately west of the above-described plantation i s a companion stand of planted slash pine. The s i t e preparation techniques and original habitat appear to be the same as f o r the eucalypts. The pines also were planted in 1969 in order to provide a basis for comparative eucalypt/pine t stand analysis. This situation provided the best opportunity during the f i e l d studies to compare and contrast planted pines and eucalypts under similar s i t e and age conditions. Needle-leaf 1 i t t e r in the pine plantation generally forms a more complete cover ( c r e s t t o furrow) and becomes more of a "mat" in contrast t o the "textured" broad leaf d e t r i t u s of eucalypts. There a l s o i s more shading in the pine understory. Generally, however, a basic s i m i l a r i t y of associated plants occurs within the two systems. A comparison of the respective plant assemblages i s presented in Appendix I .
A notable difference i s the t a l l e r , more vigorous and more abundant saw palmetto in the pine understory. This condition i s exemplified t o a lesser extent by gallberry, ground oaks, and pawpaw. There appears t o be l e s s "cover" by graminoid and herbaceous species, but woody plants appear to thrive, relat i v e l y speaking. Given the negative aspects of non-commercial plant competit i o n , t h i s condition appears t o be an advantage f o r the eucalypts. Commonly, unmanaged pine plantations a t t a i n a vigorous palmetto/oak understory a n d C eucalypts may require l e s s management in t h i s regard. Of course, the shorter rotation time a l s o mitigates against dense underst.ory a n d hardwood establishment, as well a s allelopathic e f f e c t s , i f operative.
All intensively site-prepared eucalypt stands surveyed had significantly more exposed soil and l e s s dense canopies. Both plantation types exhibit a higher diversity and abundance of associated plant species along the periphery, typically within 100' from the edge. Vines are l e s s common under the pines, grasses tend t o form small, nonvigorous clumps, and herbs and forbs generally occur as scattered individuals rather than a s colonial or associational groups.
Seed germination, especially f o r nonmast (ground cover) species, undoubtedly i s more d i f f i c u l t in the matted duff layer which approaches 100 percent cover under the pines.
The average dbh of the pines i s about 6" and the average height t o the canopy tops i s about 2 5 ' . Because they are young pines, they tend to have branches and needles f o r half of t h e i r erect stem length, as opposed to the higher, more open aspect of plantation eucalypts. This condition creates more cover, o v e r a~l , w i t h i n t h e p i n e s , b u t t h e l a c k of forage p l a n t s and
p r o t e c t i o n i n t h e u n d e r s t o r y presumably makes t h e s i t e s i m i l a r l y u n a t t r a c t i v e t o w i l d l i f e , s i n c e l i t t l e d i s t i n c t i o n can be made between t h e two systems
concerning v e r t e b r a t e u t i l i z a t i o n . As w i t h t h e e u c a l y p t s , t h e o n l y obvious s i g n was sporadic a r m a d i l l o d i g g i n g s . No b i r d s , mammals, o r h e r p e t i l e s were a c t u a l l y observed, n o r were any n e s t s o r burrows.
The general c o n c l u s i o n drawn f r o m s u r v e y i n g t h e two a d j a c e n t p l a n t a t i o n s i s t h a t t h e p i n e s a r e a s s o c i a t e d w i t h somewhat more t o t a l p l a n t species and good v i g o r of woody species, w h i l e t h e e u c a l y p t stand has g r e a t e r coverage b y u n d e r s t o r y p l a n t s and v i n e s , a l t h o u g h t y p i c a l l y w i t h l e s s v i g o r . Both s i t e s
suggest v e r y l o w r e s i d e n t , f o r a g i n g , and t r a n s i e n t w i l d l i f e u t i l i z a t i o n .
Other E u c a l y p t Stands -Glades County Several a d d i t i o n a l e u c a l y p t stands o f v a r y i n g s i z e , age and s e l e c t e d species were surveyed l e s s i n t e n s i v e l y d u r i n g t h e m i d -S p r i n g f i e l d s t u d i e s i n Glades County. Most s i t e s were s i m i l a r l y s i t e -p r e p a r e d on former p a l m e t t o p r a i r i e h a b i t a t . Some general i z e d o b s e r v a t i o n s can be made as a r e s u l t o f t h e s e surveys.
Impressions c o n c e r n i n g v e g e t a t i v e aspects o f e u c a l y p t p l a n t a t i o n s on unmined l a n d i n c l u d e t h e f o l l o w i n g : 1 ) One t o two-year o l d p l a n t a t i o n s t y p i c a l l y have 80 -90 p e r c e n t c o v e r , p r i m a r i l y by grasses. There appears t o be a t r e n d away from c a r p e tt y p e grasses a f t e r t h e second y e a r and toward more clumpy species, e.g., A~zdnupogon and Afi.isti.dn.
) There appears t o be an I n v e r s e r e i a t i o n s h i p between t h e amount of ground c o v e r and t h e degree o f e u c a l y p t v i g o r , a t l e a s t i n terms o f canopy f o l i a g e .
) L i v e s t o c k g r a z i n g decreases t h e abundance and p o s s i b l y d i v e r s i t y o f
u n d e r s t o r y p l a n t s w i t h i n t h e p l a n t a t i o n , as does "double-chopping" d u r i n g s i t e p r e p a r a t i o n .
) A1 though s e v e r a l dozen indigenous, South F l o r i d a p l a n t species app a r e n t l y can c o e x i s t w i t h e u c a l y p t stands, t h e p r o b a b l e a s s o c i a t e d
f l o r a i n t h e C e n t r a l F l o r i d a phosphate m i n i n g r e g i o n l a r g e l y w i l l be d i f f e r e n t and g e n e r a l l y more r u d e r a l and shrubby when on mined l a n d .
Observations r e g a r d i n g t h e animal u t i l i z a t i o n of South F l o r i d a e u c a l y p t p l a n t a t i o n s i n e a r l y A p r i l suggest t h e f o l l owing:
1 ) The g r e a t e s t observed w i l d 1 i f e u t i l i z a t i o n of e u c a l y p t s occurred where a p l a n t a t i o n was adjacent t o n a t u r a l system x e r i c h a b i t a t .
2 ) Resident v e r t e b r a t e animals appear t o be r a r e and p r i m a r i l y r e p r esented by r e p t i l e s and t h e a r m a d i l l o .
3 ) I n s e c t s and i n s e c t p r e d a t o r s seldom were encountered, and those i n s e c t s observed a r e t y p i c a l l y associated w i t h t h e d e t r i t a l l a y e r .
4) V i r t u a l l y a l l o f t h e v e r t e b r a t e s i g n and s i g h t i n g s a r e associated w i t h t h e edge aono, o r w i t h i n p h r ? l~t Inn' nf t.he p l a n t a t i o n p e r i p h e r y .
T h i s c o i n c i d e s w i t h t h e zone o f maximum u n d e r s t o r y p l a n t d i v e r s i t y . Eucalypt N a t u r a l i z a t i o n An i m p o r t a n t concern t o address i n c o n s i d e r i n g e u c a l y p t s f o r wood energy farms i n C e n t r a l and South F l o r i d a i s t h e p o s s i b i l i t y of adverse impacts on t h e ecosystem as a r e s u l t o f n a t u r a l i z a t i o n . The p o t e n t i a l f o r e u c a l y p t n a t u r a l i z a t i o n i n F l o r i d a i s n o t w i d e l y discussed i n t h e a v a i l a b l e l i t e r a t u r e , b u t g i v e n what i s known about t h e a b i l i t y o f some e x o t i c t r e e s and shrubs t o become r a p i d l y e s t a b l i s h e d i n t h e accommodating c l i m a t e , t h e i s s u e must be
addressed.
Correspondence and d f s c u s s i o n w i t h p a r t i c u l a r l y knowledgeable members of t h e commercial f o r e s t r y i n d u s t r y have l a i d t o r e s t much of t h i s concern r e g a r d i n g e u c a l y p t s . One l e a d i n g researcher o f F l o r i d a e u c a l y p t s has summarized t h e s i t u a t i o n by suggesting t h a t t h e evidence i s i n c o n t r o v e r t i b l ee u c a l y p t s have been i n F l o r i d a f o r 100 years w i t h no evidence o f major, adverse environmental impact (E. C. Frank1 i n , pers. corm). Experts i n o t h e r c o u n t r i e s w i t h environmental a t t r i b u t e s s i m i l a r t o those o f p e n i n s u l a r F l o r i d a concur. The Senior P r o f e s s i o n a l O f f i c e r o f t h e F o r e s t r y and
Environmental Conservation Department i n South A f r i c a has i n d i c a t e d t h a t a1 though more than 150 species o f e u c a l y p t s ( i n c l u d i n g those p l a n t e d i n 
comm.). Ecolmpact's f i e l d observ a t i o n s on t h e e x t e n t o f n a t u r a l i z a t i o n i n South F l o r i d a a r e recorded below.
Ferguson P l a n t a t i o n Area -Glades County. A reconnaissance o f t h e E u c d y p X u~ nobunta p o r t i o n of t h e 1969 stand revealed a c o n s i d e r a b l e number o f u n d e r s t o r y seedlings r a n g i n g from 1 ' -8 ' t a l l , b o t h on t h e beds and i n t h e furrows.
More s i g n i f i c a n t l y , approximately 100 " w i l d l i r~g s " were encountered a d j a c e n t t o t h e stand. Most i n d i v i d u a l s a r e e s t a b l i s h e d 20' -50' from t h e stand edge, b u t many a r e 50' -100' d i s t a n t . Most a r e found on bare, sandy s o i l o r i n grassland areas, i n c l u d i n g w i r e grass and bluestem grass a s s o c i a t i o n s . Others, however, a r e coming up through dense saw p a l m e t t o t h a t i s 4 ' -5 ' h i g h w i t h v i r t u a l l y 100 p e r c e n t cover.
Somewhat f u r t h e r west, a 10 -12 y e a r o l d stand has been c u t i n t h e r e c e n t
p a s t , and c o p p i c i n g of t h e c u t stems i s proceeding r a p i d l y . A l s o developing r a p i d l y i s a stand o f s e e d l i n g s so dense t h a t counts o f over 100 stems p e r square meter a r e p o s s i b l e . O f t e n such s e e d l i n g masses a r e a s s o c i a t e d w i t h p i l e d o r s c a t t e r e d " s l a s h t ' remaining a f t e r h a r v e s t i n g . An a d j a c e n t bahia grass p a s t u r e w i t h complete ground cover c o n t a i n s w i l d l i n g s n e a r l y 20' t a l l , b u t l e s s than 200' d i s t a n t from t h e stand. The s i t e i s a r e l a t i v e l y small coppice area w i t h i n a E. g t a n d h stand, and l i t e r a l l y thousands o f w i l d l i n g s 1 ' -10' h i g h b l a n k e t much o f t h e area. O f t h e many s i t e s v i s i t e d d u r i n g t h e f i e l d s t u d i e s , t h i s l o c a t i o n had t h e g r e a t e s t amount o f n a t u r a l i z e d e u c a l y p t s .
Problem-solving approaches t o t h i s c o n d i t i o n should be i n c o r p o r a t e d i n t h e
on-going research of e u c a l y p t p l a n t a t i o n e s t a b l i s h m e n t .
Homestead Eucalypts. J u s t n o r t h e a s t o f t h e town o f L a B e l l e , an o l d homestead s i t e , known as t h e " P r e c i n c t Stand," w i t h many v e r y l a r g e e u c a l y p t s was v i s i t e d .
The l o c a t i o n was impressive b o t h because o f t h e massive p a r e n t t r e e s and t h e number o f younger t r e e s o f a l l s i z e s . The t r e e s a r e h y b r i d s , w i t h c h a r a c t e ri s t i c s o f several species. One must presume t h a t t h e l a r g e s t t r e e s have been i n p l a c e f o r 60 -80 years, and t h e r e f o r e , t h e e x t e n t o f spread c o u l d be c h a r a c t e ri z e d as slow and r e l a t i v e l y unaggressive. However, t h e w i l d l i n g stem d e n s i t y and t h e v a r i e t y o f h a b i t a t s encroached upon a r e s u b j e c t s f o r f u r t h e r study.
The area between p a r e n t t r e e s o f t e n a t t a i n s a stem d e n s i t y s u f f i c i e n t t o make w a l k i n g progress arduous.
Other than a few young cabbage palms and smilax vines, t h e r e i s v i r t u a l l y no n a t i v e v e g e t a t i o n i n t h e u n d e r s t o r y o r coming up through t h e d u f f l a y e r . Recent f i r e s have n o t adversely affected t h e t r e e s , and wounds o r c u t t i n g o n l y s t i m u l a t e s t h e coppice response. A l l t r e e s seemi n g l y o l d e r than 4 -5 years produce a q u a n t i t y o f seed capsules. An area of several act-es has Ldken on t h e aspect. a!' an uneven-aged, m o n o c u~t u r a l grove.
The w i l d l i n g s a r e e s t a b l i s h e d i n shade, i n f u l l s u n l i g h t , on sandy s o i l s , on somewhat humic s o i l s , on d r y ground and even i n a w e t l a n d area. I n t e r e s ti n g l y , small t r e e s i n v a d i n g a s h a l l o w marsh system have developed a d v e n t i t i o u s r o o t s i n o r d e r t o a d a p t t o seasonal s u r f a c e w a t e r c o n d i t i o n s .
Two o t h e r former homestead s i t e s southwest o f Palmdale i n t h e s t u d y area d e l i n e a t e d i n F i g u r e 3 were s i m i l a r l y i n v e s t i g a t e d . A t t h e f i r s t l o c a t i o n , a s i n g l e "4obwZa m o t h e r " has generated s e v e r a l hundred o f f s p r i n g , which a r e e s t a b l i s h e d i n a p r e d o m i n a n t l y n a t u r a l system s e t t i n g . Ages v a r y f r o m new s e e d l i n g s t o t r e e s up t o two f e e t dbh, and many are conling up t h r o u g h saw 
The l a s t s i g n i f i c a n t s i t e v i s i t e d r e v e a l e d a s i m i l a r t r e n d , b u t w i t h i h -
c r e a s e d n a t u r a l i z a t i o n . The mother t r e e i s l o c a t e d i n a small l i v e oak hammock t h a t has been surrounded by p a l m e t t o p r a i r i e and oak scrub h a b i t a t u n t i l r e c e n t c l e a r i n g f o r a d d i t i o n a l e u c a l y p t p l a n t a t i o n s . The hammock ( a b o u t two a c r e s ) was spared f r o m s i t e p r e p a r a t i o n . The f o l l o w i n g p a t t e r n of e s t a b l i s h m e n t was observed: n e a r t h e c e n t e r i s a mother t r e e n e a r l y 1 0 0 ' t a l l and s e v e r a l f e e t i n diameter; i t i s surrounded by about 20 t r e e s n e a r l y h a l f i t s s i z e ; about 300 t r e e s h a l f t h a t s i z e f o r t h e n e x t c o n c e n t r i c c i r c l e ; and r a d i a t i n g o u t from t h e s e a r e hundreds o f s a p l i n g s and s e e d l i n g s . The o v e r a l l p a t t e r n i n v o l v e s a c i r c u l a r e u c a l y p t g r o u p i n g about 250' i n d i a m e t e r , w i t h t h e mother t r e e a t t h e hub and a p p r o x i m a t e l y 1,000 a s s o c i a t e d o f f s p r i n g .
The e x t e n t t o w h i c h n a t u r a l i z a t i o n may have encroached on s u r r o u n d i n y n a t u r a l system h a b i t a t c o u l d n o t be determined due t o l o c a l s i t e p r e p a r a t i o n .
S e v e r a l small p l a n t s were c a r e f u l l y u p r o o t e d i n o r d e r t o c o n f i r m t h a t r e p r od u c t i o n i s by seed and n o t v e g e t a t i v e . F i n a l l y , t h e s e e d l i n g s and s a p l i n g s appear t o be t h r i v i n g under t h e l i v e oak (and e u c a l y p t s ) canopy, and o t h e r u n d e r s t o r y s p e c i e s g e n e r a l 1 y a r e 1 a c k i n g . The e u c a l y p t s c l e a r l y dominate t h i s p a r t i c u l a r s i t e , b u t a p p a r e n t l y have t a k e n bO -80 y e a r s t u du su.
D i s c u s s i o n . I n c a r e f u l l y c o n s i d e r i n g t h e f i n d i n g s concern1 ng observed e u c a l y p t n a t u r a l i z a t i o n as p r e s e n t e d above, t h e c a p a c i t y f o r species and h y b r i d s t o c o l o n i z e and dominate a g i v e n s i t e seems l u c a l i z e d and c o n t r o l l a b 1 e. C l e a r l y , we a r e n o t d e a l i n g w i t h a melaleuca, B r a z i l i a n pepper, w a t e r h y a c i n t h , o r h y d r i l l a dilemma, perhaps l a r g e l y because t h e d i s p e r s a l mechanisms o f wind, w a t e r , and w i l d l i f e do n o t appear t o be as e f f e c t i v e l y o p e r a t i v e w i t h e u c a l y p t s Apparently, c e r t a i n species of t h i s genus have a n a t u r a l i z a t i o n p o t e n t i a l t h a t suggests management problems, a l t h o u g h t h e concept o f these t r e e s c r e a t i n g " e u c a l y p t epidemics" should be viewed as an u n j u s t i f i e d overr e a c t i o n . Recognizing t h e p o t e n t i a l f o r e x o t i c p l a n t e s t a b l i s h m e n t problems, then, p l a n t a t i o n designers and managers should t a k e a sober approach t o t h e t a s k a t hand, and a n t i c i p a t e some l o c a l , r e g i o n a l , s t a t e w i d e , p r i v a t e , and p u b l i c adverse r e a c t i o n t o proposed p l a n t a t i o n s . Such i n t e r e s t e d p a r t i e s should be educated r e g a r d i n g t h e c l o n a l p r o p a g a t i o n of E. camdddenaA f o r use i n t h e BESI p l a n t a t i o n s , t h e known c h a r a c t e r i s t i c s o f t h i s species, and a r e a l i s t i c assessment o f t h e p o t e n t i a l f o r n a t u r a l i z a t i o n i n C e n t r a l and
The s e l e c t i o n by BESI o f E. cumcLeddemA f o r i t s feedstock source, u s i n g c l o n a l p r o p a g a t i o n from s e l e c t t r e e s , has a s i g n i f i c a n t b e a r i n g on t h e i s s u e
of p o t e n t i a l n a t u r a l i z a t i o n . U n i v e r s i t y o f F l o r i d a f o r e s t r y p a t h o l o g i s t Roger Webb, i n a s s o c i a t i o n w i t h o t h e r r e s e a r c h e r s , has uncovered i m p o r t a n t i n f o r m a t i o n concerning t h e r e l a t i o n s h i p between a f u n g a l pathogen and known s t e r i l i t y i n v i r t u a l l y a l l E. c a m d d d e m A i n F l o r i d a . Webb ( p e r s . comi.)
has r e l e a s e d t o EcoImpact t h e b a s i c f i n d i n g s o f h i s r e s e a r c h i n t o t h e l a c k of seed v i a b i l i t y i n t h i s species, which w i l l be d e t a i l e d i n a r e s e a r c h paper soon t o be pub1 i shed.
The r e s e a r c h has r e v e a l e d t h a t t h e agent r e s p o n s i b l e f o r t h e seed i n - ascomycete, p r e s e n t i n t h e F l o r i d a environment, r e l e a s e s ascospores which a r e c a r r i e d t o t h e seed-bearing t r e e s where t h e y i n f e c t t h e seed capsules, and even bark, by p e n e t r a t i o n o f t h e woody t i s s u e by t h e fungal hyphae. The r e s u l t has been an e s s e n t i a l l y complete s t e r i l i z a t i o n o f E. cumcLt'du!c?nn.in i n F l o r i d a .
I n f a c t , t h c on-going resedrxh has f d e n t i f i e d o n l y -one t r e e o f t h i s species w i t h v i a b l e seed i n t h e S t a t e .
Furthermore, t h e genotype remains unchanged through t h e c l o n a l process;
i . e . , i f t h e s e l e c t p a r e n t t r e e i s s u s c e p t i b l e t o t h e fungus, which v i r t u a l l y always i s t h e case, t h e c l o n a l o f f s p r i n g w i l l be s i m i l a r l y s u s c e p t i b l e . The s i g n i f i c a n t i m p l i c a t i o n i s t h a t t h e proposed biomass t r e e farms p r o b a b l y can be r.ei~der.cd harmless i n terms o f t h e i r n a t u r a l i z a t i o n p o t e n t i a l due t o t h e fungal benefactor. The use o f c l o n a l propagation, and subsequently p o s t -c u t c o p p i c i n g , e l i m i n a t e s t h e need f o r v i a b l e seed t o produce p l a n t a t i o n stock.
Thus, t h e s e l e c t i o n o f E. c a m d d d e a A provides s u b s t a n t i a l m i t i g a t i o n a g a i n s t f e a r s o f t h i s species becoming another problem e x o t i c p l a n t i n t h e F l o r i d a environment.
Reviewers o f t h i s and companion working documents addressing t h e f e a s ib i l i t y o f e s t a b l i s h i n g e u c a l y p t biomass p l a n t a t i o n s i n F l o r i d a should bear i n mind the " r e v e r s i b i l i t y " o f t h e proposed a c t i o n . I f , f o r reasons p r e s e n t l y unforseen, an e s t a b l i s h e d biomass sfand was deemed undesirable, o r stand e l i mi n a t i o n was necessary a f t e r a particular h a r v e s t (6-8 year i n t e r v n l s ) , t h e p u l l i n g of stumps o r t h e i r i n j e c t i o n w i t h a safe h e r b i c i d e w i l l e r a d i c a t e t h e e u c a l y p t s . Those persons adamantly opposed t o non-native p l a n t a t i o n s and those who p e r c e i v e commercial f o r e s t s as b i o l o g i c a l l y depauperate monocultures
should r e f l e c t upon t h e o r i g i n and n a t u r e o f a l l o f modern man's a g r i c u l t u r a l c r o p p i n g systenis, b o t h f l o r a l and f a u n a l . Unquestionably, a 100-acre c o r n p l a n t a t i o n s u b j e c t s t h e l a n d t o more adverse environmental impacts and o f f e r s poorer w i l d l i f e h a b i t a t than any o f t h e e u c a l y p t p l a n t a t i o n s surveyed f o r t h i s r e p o r t . The i n t r o d u c e d p l a n t s which endanger F l o r i d a ' s n a t u r a l systems a r e those which a g g r e s s i v e l y out-compete t h e n a t i v e f l o r a .
E I L C .~! I J~;~W c a m a l d d e~n h
has remained innocuous d u r i n g t h e p a s t 8U-i00 years u f ex i s l e n~e , and e l l a v a i l a b l e evidence suggests t h a t t h e candidate e u c a l y p t species w i l l n o t become a f u t u r e nlanagement problem i n t h e F l or-ida environment.
Conclusions -
The f i e l d and research s t u d i e s undertaken t o produce t h i s resource document s t i m u l a t e d many deductions concerning t h e q u a l i t a t i v e and f u n c t i o n a l aspects o f e u c a l y p t p l a n t a t i o n ecology. The f o l l o w i n g conclusions have been
drawn from t h e o v e r a l l research experience.
1) Eucalypts have been p l a n t e d i n F l o r i d a f o r ornamental, shade, windbreak and conirnercial purposes f o r over 100 y e a r s .
2 ) The e u c a l y p t f o r e s t s o f A u s t r a l i a and T a s~~~~l n i a support a r i c h and v a r i e d w i l d l i f e assemblage, and coniprise t h e nos t important an illla1 r e f u g e .
) R i v e r r e d gum ( E U C~~~~Z U~ c m~u L ' d d e r z n i~) , t h e species s e l e c t e d by Biomass
Energy Systems, I n c . f o r biomass p l a n t a t i o n s , i s t h e most widespread e u c a l y p t i n A u s t r a l i a and i s one o f t h e most i m p o r t a n t t i m b e r and biomass t r e e s comm e r c i a l l y p l a n t e d i n t h e w o r l d .
4 ) E r o s i o n r a t e s on a e u c a l y p t biomass stand w i l l be l e s s t h a n those i n normal f o r e s t r y o p e r a t i o n s due t o c l o s e r p l a n t i n g s and stump r e s p r o u t i n g which n e c e s s i t a t e s complete s i t e p r e p a r a t i o n o n l y a t 25-50 y e a r i n t e r v a l s .
) F o r e s t s c o n s t i t u t e t h e m a j o r w i l d l i f e h a b i t a t i n t h e Loutheast, and
F l o r i d a ' s f o r e s t acreage has been reduced by an average o f n e a r l y 125,000
acres p e r y e a r f o r t h e l a s t 25 y e a r s .
6 ) S u b s t a n t i a l w i l d 1 i f e p r o d u c t i o n i s p o s s i b l e where t i m b e r management i s t h e p r i m a r y o b j e c t i v e t h r o u g h modern f o r e s t management and d e s i g n t e c h n i q u e s .
7 ) The s t a n d i n g biomass o f u n d e r s t o r y p l a n t s i n e u c a l y p t p l a n t a t i o n s can be s u b s t a n t i a l and supply f o r a g e f o r b o t h c a t t l e and w i l d l i f e .
) According t o n a t u r a l i z e d F l o r i d a p l a n t s t u d i e s by M a z z o t t i e t a l . (1981),
e x o t i c p l a n t h a b i t a t s a r e n o t equal i n terms o f f a u n a l s u p p o r t and f o o d c h a i n s t r u c t u r e , each h a b i t a t must be e v a l u a t e d s e p a r a t e l y , and l o w species r i c hness, p e r se, does n o t n e c e s s a r i l y determine f a u n a l d i s t r i b u t i o n and abundance; t h e r e f o r e , e x o t i c p l a n t communities cannot i n t u i t i v e l y be c l a s s i f i e d as " b i o l o g i c a l d e s e r t s . " 9 ) O f t h e 200,000+ species and v a r i e t i e s of e x o t i c p l a n t s b r o u g h t i n t o t h e U n i t e d S t a t e s o v e r t h e p a s t few decades, c o m p a r a t i v e l y few have become veget a t i v e problems.
10) E u c a l y p t s appear t o be a b l e t o t h r i v e i n F l o r i d a a t t r a d i t i o n a l o r aboveaveraye s t o c k i n g d e n s i t i e s , w i t h o r w i t h o u t a h i g h w a t e r t a b l e , on mined o r
unmi ned 1 and. 11) Although many South F l o r i d a p l a n t i n g s w i t h mature E. ~~obunZa, E . g n r l w r i i 6 , and a v d r , i e t y o f h y b r i d s produce l o c a l i z e d " w i l d 1 i n g s " from seed, no progeny were encountered i n t h e t . C C U~C L~~~C I~~~~ s t a n d s i r~ C e n t r a l I-l o r i d a .
12) The l i t e r a t u r e r e p o r t s t h a t most e u c a l y p t s , i n c l u d i n g E. catilnYdderin.i~, have some p l a n t i n h i b i t o r y ( a l l e l o p a t h i c ) tendencies. The degree o f i n h i b i -
t i u n p o s s i b l e by p h y t o t o x i n s i s d i r e c t l y r e l a t e d t o t h e amount o f c o l l o i d a l
( c l a y e y ) m a t e r i a l p r e s e n t i n t h e s o i l . We1 1 -J v a i r~e d , sandy sn-il i n humid r e g i o n s , s i m i l a r t o t h e s o i l s proposed f o r biomass stands, do n o t c o n c e n t r a t e these t o x i n s , and t h e i r f a v o r a b l e a e r a t i o n p e r m i t s r a p i d t o x i n d e g r a d a t i o n .
13) The Biomass Energy Systems, I n c . approach o f u t i l i z i n g e f f e c t i v e l y s t e r i l e E. c u m d d u l e~z n h , propagated i r z v.&o by t i s s u e c u l t u r i n g , has v i r t u a l l y e l imi n a t e d t h e adverse n a t u r a l i z a t i o n p o t e n t i a l a s s o c i a t e d w i t h some i n t r o d u c e d
A u s t r a l i a n t r e e s i n F l o r i d a . 
14) Canopy s u n l i g h t p e n e t r a t i o n t o t h e
16) On t h e b a s i s o f a l i m i t e d f i e l d comparison, s l a s h p i n e stands w i t h e q u i v -
a l e n t s i t e p r e p a r a t i o n , s e t t i n g , and young age may have a somewt~at g r e a t e r d i v e r s i t y o f u n d e r s t o r y and ground c o v e r p l a n t s , b u t e u c a l y p t stands p r o v i d e g r e a t e r a r e a l p l a n t c o v e r .
17) E p i p h y t i c 1 ichens, some a i r p l a n t s , and many t y p e s o f i n s e c t s a r e supp o r t~d by e u c a l y p t b a r k s u r f a c e h a b i t a t , p a r t i c u l a r l y jt7 r~uy/l-bdr.ked s p t c i @ s .
18) F l a k i n g e u c a l y p t b a r k o f f e r s s h e l t e r e d n i c h e s f o r i n s e c t p o p u l a t i o n s , which subsequently a t t r a c t some b i r d s and o t h e r i n s e c t p r e d a t o r s .
19) Most e u c a l y p t s appear t o be unscathed by l i g h t t o moderate f i r e i n t h e u n d e r s t o r y . 2 1 ) A c c o r d i n g t o v i s u a l assessment, dense ground Luvet-by grasscs and herbs decreases somewhat t h e v i g o r of young e u c a l y p t s , b u t o l d e r t r e e s appear l e s s a f f e c t e d , s u g g e s t i n g t h e importance o f p r o p e r s i t e p r e p a r a t i o n .
22) Stands o f E. curn~,dLLec1~.6ib on P o l k County mined l a n d s a r e known t o have w i t h s t o o d s e v e r a l i n s t a n c e s o f temperatures below 20°F i n r e c e r~t y e a r s w i t ho u t s i g n i f i c a n t consequence.
2 3 ) E m p i r i c a l f i e l d s t u d i e s suggest t h a t w i l d l i f e u t i l i z a t i o n o f l a r g e eucal y p t stands i s l e s s t h a n wooded, n a t u r a l system h a b i t a t s , b u t t h a t a p p r o p r ia t e l a n d management and w i l
d l i f e a t t r a c t o r s m i g h t improve t h i s s i t u a t i o n w i t ho u t b e i n g d e t r i m e n t a l t o biomass p r o d u c t i o n .
24) Some b u r r o w i n g animals and those p r e f e r r i n g d e t r i t a l cover appear t o be t h e most common u s e r s o f e u c a l y p t h a b i t a t .
25) B i r d and s q u i r r e l n e s t s a r e o c c a s i o n a l l y observed, and raccoons may r e gu l a r l y seek s h e l t e r i n "topped" t r e e s ( E . C. Frank1 i n , p e r s . comm.).
26
) T e r r e s t r i a l snakes and l i z a r d s p r o b a b l y a r e t h e p r i m a r y , v e r t e b r a t e p r e da t o r s .
27) A r m a d i l l o s and w h i t e -t a i l e d deer a r e t h e p r i n c i p l e l a r g e , mammalian f o ragers known t o f r e q u e n t e s t a b l i s h e d e u c a l y p t stands. S. Smith, P. 0. S t e n t , and C. T. Warmke. 1976 . An e v a l u a t i o n of t h e use o f agr i c u l t u r a l r e s i d u e s as an energy feedstock. Vol. I. S t a n f o r d Research I n s t i t u t e , Menlo Park, C a l i f o r n i a .
28) W i t h f
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( A r a c h n i da) * s p e c i e s -s p e c l f j c s i g n ( t r a c k s , s c a t s , burrows, e t c . )
